Sequence analysis. TET/JBP homologs were retrieved using sequence profile searches with the PSI-BLAST program 1 run against the non-redundant protein database of National Center for Biotechnology Information (NCBI), using previously described TET/JBP sequences as starting queries 2,3 . A comprehensive multiple sequence alignment of both prokaryotic and eukaryotic homologs was generated using the Kalign2 program 4 . The JPred program was used to predict secondary structures and this was used for further manual adjustment of the multiple sequence alignment 5 . A sequence profile generated from this alignment was used as seed to search the proteome of Coprinopsis cinerea strain Okayama 7#130 using the command-line PSI-BLAST program with the -B option. The retrieved sequences were manually inspected for completeness and active site residues based on which a set of 12 homologs with intact active sites were identified for further study.
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The purity of the proteins was determined on 13% SDS-PAGE. The final purified protein was quantified by Bradford reagent purchased from Bio-Rad, flash-frozen with 30% glycerol and stored at -80 °C. mTET1 subcloning, expression, and purification. The catalytic domain of mouse Tet1 gene (GU079948, residues 1367-2039) was cloned into BssHII and NotI sites of the N-terminal Flagtagged pFastBac Dual vector (Invitrogen) and expressed in Bac-to-Bac baculovirus insect cell expression system. The recombinant Flag-mTET1 was purified according to the published procedure 7, 8 . In general, the mTET1 protein was purified with anti-Flag M2 antibody agarose affinity gel purchased from Sigma-Aldrich, and further purified with GE Healthcare Superdex200 with running buffer containing 20 mM HEPES (pH 8.0), 150 mM NaCl, and 1 mM DTT. The fractions were pooled, concentrated, quantified by Bradford reagent purchased from Bio-Rad, and flash-frozen with 30% glycerol and stored at -80 °C.
Oligonucleotide synthesis. The oligonucleotides used in the biochemistry study were synthesized using solid-phase synthesis 9 . The reagents and phosphoramidites (including 5mC, 5hmC, 5fC and 5caC) were purchased from Glen Research and used in the solid-phase synthesis. All synthetic oligonucleotides were further purified with reverse-phase high-performance liquid chromatography. The oligonucleotides containing normal bases were purchased from Operon.
CcTET and mouse TET1 (mTET1) oxidation activity assay (in the absence of ATP). The activity assays were performed according to the published procedure at various pH (5.8, 7 .0 and 8.0) 10-12 . Fe(NH 4 ) 2 (SO 4 ) 2 , 2 mM ascorbic acid, 1 mM α-KG, and 2.5 mM DTT for 30 min at 37 °C in triplicates (for CcTET activity assay, the reactions were processed at 25 °C and 37 °C). The reactions were quenched by heating to 100 °C for 5 min and immediately cooled in an ice bath.
In reactions with ATP, 1.2 mM ATP was added to the reaction buffer.
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CcTET oxidation activity assay on A⋅T containing duplex DNA (in the absence of ATP). The activity assays were performed according to the published procedure at various pH (5.8, 7. Kinetics of 5mC to 5hmC, 5hmC to 5fC, and 5fC to 5caC oxidation by CcTET in dsDNA. The kinetics data was determined according to the previous published method 13 . In general, the Supplementary Table S1 . kinetic constants of 5mC to 5hmC, 5hmC to 5fC, and 5fC to 5caC conversion catalyzed by CcTET on a dsDNA at 37 °C (Sequences: 5'-GACXGGAGT-3', 5'-GACTCCGGTCT-3', X position indicates desired cytosine derived base including 5mC, 5hmC, and 5fC). C 1/2Vmax refers to the substrate concentration at which the reaction rate is at halfmaximum; V max refers to reaction maximum rate. 37 °C in triplicates. The reactions were quenched by being heated to 100 °C for 5 min and immediately cooled in an ice bath. The progress curves of 5mC to 5hmC and 5hmC to 5fC could S23 be slightly impacted by the subsequent oxidation step. However, the subsequent oxidation steps
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Supplementary Results
show slower reaction rate which may not significantly affect the kinetic analysis of the previous step. The reaction products of the subsequent step did not accumulate to a significant amount as shown below at 2.5 min time point: percentage of 5fC in 5mC to 5hmC reactions: 6.5%
(substrate concentration: 1 uM), 4.7% (2 uM), 2.3% (4 uM), 1.5% (6 uM); 5caC production in 5mC to 5hmC reactions is below detection limit; percentage of 5caC in 5hmC to 5fC reactions: 9.5% (1 uM), 6.3% (2 uM), 4.5% (4 uM), 2.6% (6 uM).
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